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LATERAT. STABIT.ITY AND CONTROL CHARACTERISTICS OF THE
CONVATR XI-02A DELTA-WING ATRPLANE AS MEASURED IN FLIGHT

By Thomas R. Sisk snd Dusne 0. Mihlemen

SUMMARY

The latersl stebillty and control characteristics were investigated
on the Convalr XF-92A delte-wing airplane during the flights of the
NACA research program. The investigation included sideslips, aileron
rolls, and rudder pulses st altitudes ranging from 18,000 to 30,000 feet
at indicated speeds from 160 to 420 miles per hour. A smsll smount of
date 1s included with wing fences installed at 60 percent of the wing
semispan for comparlison with the basic airplane.

The lateral handling characteristics appear satisfactory when
viewed in terms of gradually incressing sideslips, lateral control
effectiveness, and perlod, and damping. The pilots objected to the
over-all lateral handling characteristics, however, primarily because
of the high roll-to-~sideslip ratios which probably resulted from the
relatively low static directlonal stability and relatively high effective
dihedrel. These sdverse characterlistics were sggraveted at low speeds
by high adverse yaw and rough air and at high speeds by high airplane
response to small control deflections. The epparent high side force
and poor hydraulic control system added to the objectional characteristics.

The lateral hendling characteristics et low speeds were improved
by the instalietion of wing fences. The improvement spparently resulted
from an increase 1n the static directional stability.

TNTRODUCTION -

The Convalr XF-924 airplene was originally constructed to determine
the hendling characteristics, primerily at low speed, of an airplane
having a delta-wing configuration. In view of the interest in delta-
wing airplenes for high-speed flight, a lsrger power plent was installed
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in the XF-92A and the flight envelope was extended to sonic speed during
joint testing by the National Advisory Committee for Aeronautics and the
Air Force. The results of this investigation are presented in refer-
ences 1 to 3. Upon completion of these tests the XF-92A was assigned

0 the NACA High-Speed Flight Station for general research.

All the pilots who have flown the XF-92A (during the jJoint NACA~—
Alr Force progrem and the NACA research program) have reported that
the airplasne exhibited poor lateral handling characteristics, particularly
at low speed. The present peper presents the lateral stebllity and
control characteristics of the XF-92A as determined from sideslips,
aileron rolls, and rudder pulses. Wing fences were installed on the
XF-92A at 60 percent of the wing semispan to evaluate the longltudinal
meneuvering stability characteristics with this modification (ref. 4},
and a limited amount of lateral deta is presented herein with the fence
configuration for comparison with the basic airplane. The tests were
performed at the NACA High-Speed Flight Station at Edwards, Calif.

SYMBOLS
Ay transverse acceleration factor, g units
b wing span, ft
c wing chord, ft
Cy rolling-moment coefficient, Rolling moment
asSb

Cp yawing-moment coefficilent, te gsioment

Q;
Cnp sirplene normal-force coefficient, Wn/qS
Cy lateral~force coefficient, AYW/qS
01/2 cycles-to-damp to one-half amplitude
g acceleration due to gravity, ft/sec®
hy pressure altitude, ft
Iy moment of inertia asbout longitudinal stability axis, slug—ft2
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product of inertie, slug—ft2

moment of inertia sbout normal stebility axis, slug-ft2

Mach number

normel accelersation factor, g units
period, sec

rolling angular veloclty, radians/sec
wing-%tip helix angle, radiens

variation of wing-tip helix angle with lateral control
angle, per deg

dynemic pressure, 1b/ft2

pitching angular velocity, redians/sec
yvawing anguler veloclity, radia.ns/sec
wing area, sq ft

t:l_me—to-dar_up to 6ne-ha.lf emplitude, sec
time, sec

true velocity, ft/sec

equivalent side velocity, (v), ft/sec
indicated velocity, mph ‘

side velocity, —BX—, £t [feec
57.3

engle of attack, deg
sideslip angle, deg

leteral control angle, SeL - EeR, deg

-
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Bg. * O¢
Se longitudinal control angle, ——!izf—-li, deg
Sr rudder control angle, deg
€ angle of principal axis of inertia from body axis, positive
when principal axis is below body axis, deg

A angle of sweepback, deg
(o alr-denslity ratio
¢ bank engle, deg
Cy variation of rolling-moment coefficient with angle of

B sideslip, dC3/dB, per radien
Cq damping in roll, dCL/d EE, per radian

P av
Cn variation of yawing-moment coefficient with angle of

B sideslip, an/dB, per radian
Cy variatiorn of lateral~force coefficlent with angle of

B sideslip, dGY/dﬁ, per radien
dﬁg/dﬁ variation of trensverse acceleration factor with angle

of sldeslip, g/deg
db%/ds varlation of lateral control angle with angle of
. sideslip

d5€/d3 variation of rudder control angle with angle of sideslip
Subscripts:
L left
R right
max maximim
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ATRPLANE

The Convelr XF-Q2A is a semitallless deltes-wing airplane having
60° leading-edge sweepback of the wing and vertical stabilizer. The
elevons and rudder are full-span constant-chord surfaces and are
100 percent hydresuliecally boosted. The artificiel feel system provided
has forces approximetely proportional to deflection and are sdjusteble
in £light by the pilot. The ailrplaene has no leading- or tralling-edge
slats or flaps, no dive brakes, and no trim tabs. Wing fences were
installed &t 60 percent of the wing semispasn for part of the tests
presented in this psper.

Teble I lists the physical characteristics and figure 1 shows
photographs of the airplsne. A three-view drawing of the alrplane is
presented in figure 2. Flgure 3 presents & sketch of the wing-fence
configuration that was installed during part of the tests presented in
this paper.

INSTRUMENTATION AND ACCURACY

The XF-92A airplene is equipped with standerd NACA recording
instruments for recording the quentities pertinent to this investigation.
All instruments are correlated by & common timer.

The airspeed Installation was calibrated by using the rsdsr photo-
theodolite method of reference 5. The low-speed stetic pressure
caelibration needed for the pressure survey in the method wes obtained
from sn Alr Force F-86 pacer airplane and the pressure surveys were
checked with data obtalned from radiosonde balloons released at the
time of the fiights. This celibration method resulted in a Msch
number error of sbout 1 percent.

Accuracies of the pertinent quantitles are:

P, radlans PEr B€C « « « ¢ o« o « o & o 8 4 4 e e o o 8 e o o . +0.10

Ty radlans PET S€C « « « « « » o o o « o « s s » o« o a « o« +» o F0.02
Py BB « ¢ & 4« & 4t e e s e e e e s e s e e s e e e .. ... *10.0
By QBE « ¢ ¢ ¢ & 4 o a o s 3 2 o e e & 4 s s 4 v e e s oa e £050
Bgs GO « ¢ ¢ & ¢ ¢ ¢ o ¢t s v e s et e e 4 e e s e e e .. E0.20
Bpry GBE « ¢ ¢« ¢ o o 4 4 @ 4 4 e s a e s s e e s e e s e s F0.20
Vi MPB o o ot e e e e e e e e e e e e e e e e e e e . E0
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TESTS, RESULTS, AND DISCUSSION

The lateral stabllity and control characteristics were measured
in gredually Increasing sideslips, rudder~fixed aileron rolls, and
rudder pulses over the altitude range from 18,000 to 30,000 feet at
indicated speeds from about 160 to 420 mph (M~ 0.30 to 0.9%). All
the pilots who have flown the XF-92A have obJected to the lateral
handling cheracteristics, particularly at the lower speeds, and there-
fore the majority of the data were obtained below an indicated speed
of 250 mph (M < 0.50). The higher speed range was not covered as fully
as might be desired because the research progream was termineted sbruptly
when the airplane susteined considersble demage as a result of a nose-
wheel strut fallure while taxiing. The data ere presented for various
indicated speeds in this paper since the lower speed range is the
region of primery interest. A limited amount of lateral data was
obtained with wing fences installed st 60 percent of the wing semispan
2nd is presented for comparison with the basic eirplane. The center of
gravity for these tests varied between 27.2 and 28.7 percent of the mean
serodynamic chord.

Static Lateral Stability

The static lateral stability data obtained from gradually increasing
sideslips are presented in figures 4 to 7. Figure 4t presents represent-
ative variations of control positions and transverse acceleration with
engle of sideslip for the basic airplane, clean and gear down, over the
speed renge tested. Figure 4 shows that the pitching moment resulting
from sideslip is small and the verietian of rudder control angle and
lateral control angle with sideslip 1s linear over the entire range of
sldeslip anglies covered. These data are summarized in figure 5 which
shows that, for the clean configuration, the variatlon of lateral-force
coefficient with angle of sideslip GYB, as obtained from the expres-

dAy

dg/asS

speed increases érom about 150 to 440 mph. The rudder required to
sideslip d5,/dp increases from a value of 0.4L0 to 0.55, end the
alleron required to maintain constant heading dba/dﬁ decreases from
a value of 0.90 to 0.30. Lowering the gear increases the lateral-force
coefficient, decreases the apparent directional stability as indicated
by dbr/dﬁ, and increases the dihedral effect ddg/dp, the magnitude of
increase or decrease belng generally small and relatively constant with
speed for each parameter. Figures 6 and 7 present data similar to

hae little varilation with speed as the indicated

sion CYB =W
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figures 4 and 5 with wing fences installed. Only low-speed date were
obtalned with the fence configurstion and it appears that in thls speed
range the only sppreciable difference between the two configurations is
that with the fences installed the sgpparent directional stsbility is
increased at the lowest speeds, more rudder being required to sideslip.
There is a rapid increase of apparent dihedral effect as the speed
decreases for both the basic airplane and the fence configurations.

Iateral Control

The lateral control data obtained from rudder-fixed sileron rolls
are presented in figures 8 to 13. Flgure 8 presents the variation of
wing-tip helix angle with lateral control angle for the besic alrplane,
clean and gear down, and shows that this variation is linesr with con~
trol deflection over the range of deflectlons tested. These datd are

pb

summarized in figure 9 which shows thet Eﬁ:sa for the clean airpléne

varies from a value of 0.0050 at V; = 170 mph to 0.0095 at V; = 420 mph,
the largest change being noted at the lower speeds. IlLowering the geer
reduces the value of %%faa. Figures 10 and 11 present data similar to

figures 8 and 9 with wing fences installed. Agaln, the fence data are
meager, but figure 11 indicates that installing the fences does not
apprecisbly change the vealue of %%JSa. The pilot reported sdequate

aileron control for both conflgurations over the entire speed range
tested.

Figure 12 presents representative time histories of six elleron
rolls to illustrate the reduction in %%/Ea at the lower speeds.

Figures 12(a) and 12(b)} illustrate the high-speed case where the trim
engle of attack is of the order of 3©. These rolls show the more or

less conventional slow development of adverse yaw during the roll.
Figures 12(c) and 12(d) i1llustrate the low-speed case for the airplane,
clean and gesar down, respectively, for trim angles of attack of epprox-
imately 120, At these high angles of attack, the sideslip angle increases
Immediately with roll appearently ss a result of rolling sbout the princi-
pal sxis. This sideslip then reduces the peak rolling velocity. The
rapid development of sideslip is very bothersome to the pilot. Figures
12(e) and 12(f) illustrate that the fence configuration at low speed,
clean and gear down, differs l1ittle from the basic airplane configuration.

The bank-angle data obtained from the aileron rolls are presented

in figure 13. Figure 13(a) shows the variation of meximum rolling
veloclty, time to reach a bank angle of 90° and the bank angle at
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meximun rolling velocity for one-third, one-half, and two-thirds alleron
deflection. Reference 6 recommends & tentative high-speed criterion
based on a time of 1.0 second to reach a bank angle of 90°. It msy

be seen that the ¥XF-92A meets this criterion at indicated speeds above
about 260 mph with two-thirds sileron deflection. Figure 13(b) com-
pares the basic alrplene, gear down, with the clean configuration and
figures 13(c) and 13(d) compere the fence configuration, clean end gear
down, with the basic alrplane. Lowerling the gear on the basic alrplane
reduces the maximum rolling veloclty end, at the lower speeds, lncreases
the time to reach a bank angle of 90°. No sppreciable differences can
be noted between the basic airplane clean snd the fence configursation
clean. Iowering the gear on the fence configuration decreases the time
to reach = bank asngle of 90° at the lower speeds as compared with the
basic alrplane, gear down.

Dynamic Lateral Stability

Rudder pulses were performed at sltitudes of approximately 20,000
and. 30,000 feet, clean and gear down, with the basic airplane and with
the fence configuration, and the results of these data are presented in
flgures 14 and 15. No difference could be distinguished between the
geer conflguration or the two altitudes for the speed range where there
are overlspping dataj therefore, figure 1h(a) presents the veriation of
period end time to damp to one-half amplitude with indicated speed for
the baslic airplane. These data were evaluated durlng the portion of the
maneuver in which all controls were held fixed. Figure 14(a) shows that
the period decresses fram a value of approximestely 4.0 seconds to
2.5 seconds as the speed increases from 160 to 360 mph. The time to damp
to one-~half amplitude is essentially constant over this speed range with
a value of spproximstely 1.75 seconds. Filgure 14 (b) presents the fence-
configuration date for comparison with the basic ailrplane. This figure
shows that the only effect of the fences 1s to decrease the time to
damp slightly in the restricted speed range for which a comparison 1s

possible.

The primsry objection to the handling characteristics appears to
lie in the lerge roll-to-sldeslip ratios experieunced during dlrectional
meneuvers. Reference T proposed a tentative criterion based on the
reclprocal of the cycles-to-damp to one-balf amplitude and the roll-to-
sideslip ratio. The handling-qualities requirements of reference 8
specify satisfactory dynamic lateral stability based on such a criterion.
This specification is presented in figure 15, together with data from
tests made with the XF-92A alrpleve both with and without wing fences.
From this figure 1t may be seen that the dynamic latersl stability of
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the XF-92A airplane is generally in the unsetisfactory reglon. The
points for the basic configuration generally lie deeper in the unsatis-
factory range than do the points for the fence configurstion. This
Indicated improvement in lateral behavior attributsble to fences was
borne out by pilots' comments. According to pllots' comments, this
high roll-to-sideslip ratio is aggravated by rough sir at the lower
speeds and by the high alrplane response to small control deflections
at the higher speeds. Figure 16 illustrates the unsteadiness resulting
from this response during an attempted trim run over the Mach number
range from 0.82 to 0.89.

Calculation of CIB, CnB’ and GYB

The varlatione of the effective dihedral paremeter CZB, the direc-
tional stability persmeter C, , and the laterali-force parameter GYB,
B

with indiceted speed for the besic sirplane, clesn, at an altitude of
20,000 feet were determined from the followlng equetions:

pb
o, = (éég) __%D Q
ZB "4 g/ \dp 7']:_J

°s 3 Ty/2
by

In determining C; , the coefficients of d%%/dﬁa end dBg /AR were
B

obteined from the flight-test data of the alleron rolls and sideslips,
respectively, and the value of Czp of -0.2 was obtained from refer-

ence 9. TIn determining CnB: the values for P and Tl/2
from flight rudder pulses and the inertia terms IZ and. Ix end the
principal sxis inclination (e = 1°) were obtained from the contractor.

were obtalned
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(The ilnertia values used in the calculations are tsebulasted 1n table II.)
In determining CY » the controls-fixed portion of the rudder pulses were
B

used to determine the variation of the. transverse acceleration factor
with sideslip angle. It is understood that the equations listed above
will not yield true static derivetives, particularly in the case of Clﬁ’

since dynamlc flight data were used in the equations. It 1s felt, how-
ever, thet the equations yleld adequete approximetions to 1llustrate the
comparisons discussed in this sectlon.

The results of these calculations are presented 1n figure 17T.
This figure shows that CZ varies between values of -0.05 to -0.0%

per radian in the speed range from 160 to 380 mph. Over this same
speed renge, Cn decreases fram & value of 0.06 to 0.04 per radian

end. CYﬁ decreases from a value of -0.75 to -0.65 per radian. It may
be noted that the values of CYB obtained from sideslips (fig. 5) are

considersably lower than the values obtalned from the controls-fixed
portion of the rudder pulses. The major dlfference between the two
values probably results from the contribution of the alleron and rudder
deflections required for the sideslip maneuvers. Also shown in

figure 17 for comparison are the values of CZB, CnB, and CYB from

Ames full-scale wind-tunnel tests (unpublished)} for the basic airplene
adJusted to the 1lift coefficlents and trim elevon angles corresponding
to indicated speeds of 145, 180, and 220 mph. These data show excellent
agreement in CnB and CYB. The flight-determined values of CZB are

considerebly lower than the wind-tunnel data at the lower speeds because
of the effects of adverse yaw 1n causing z reduction in E%/Sa used in

the calculations. The calculations for the fence configuratlion presented
in figure 17 show the static directlonal stability to be increased
spproximetely 40 percent over the value for the basic sirplene at the
lowest speed.

This increase in directlionsl stebility sattributeable to the fences
is considerebly greater than the effect on the apparent stebllity
parameter d5,./dB, (fig.7). It should be noted that the value of CnB

determined from the pulse data is primerily sensitive to the period.
Inasmuch as there is considereble scatter shown in the period for the
rather limited fence data the absolute velue of the directional stability

parameter msy be questionsble.
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Although the parameters of figure 17 sppear normal, a further
enalysis indicates that they are not in the proper order of magnitude
wlth respect to each other for best stebility. This i1s illustrated in
figure 18. Figure 18(a) presents the varistion of the ratic of an

to C with 1lift coefficient and indicated speed as determined from
'

the curves of figure 17. Also shown on figure 18(a) for camparison with
the XF-92A are representative points for the X-5 (refs. 10, 11, snd
unpublished data), & 350 swept-wing airplene (ref. 12), and the D-558-IT
(unpublished data). It may be seen that the ratio of Cj ng to CIB

(bng/CzB z=l) for the XPF-92A is generally less than the ratio for other

airplanes. It follows thet, for satisfactory handling characteristies,
the XF-92A would require a higher ratio of C to CZB than required
-

for airplanes of higher aspect ratio (as predicted in ref. 13). Note
that the X-5 airplane (A = 59° aspect ratio = 2.2) has a considersbly
higher ratio of Cn to Cl than the X¥F-92A except &t the lower speeds.

B
Figure 18(b) presents the seme comparison for the ratio of CY to C

nB‘
Tt mey be seen from figure 18(b) that the ratio for the XF-92A is of

the order of three to four times the magnitude of the ratio for the
other airplanes. This high apperent lateral force probebly contributes
to the pilots' impressions of the poor handling qualities.

The NACA pilot reported sn lmprovement in the handliing qualities
with the installation of wing fences. The only sppreciable difference
that cen be noted in the statlic paremeters with the fences installed is
the increased statlc directional stabllity shown in figures 17 =and 7.
Although the magnitude of the increase in CnB mey be samewhet gquestion-

gble because of the scatter in the deta the change is in the dlrection
to improve the ratios as shown in figure 18.

Control System

Finally, part of the difficulties encountered on the XF-92A may be
attributed to the poor hydraulic control system. Evaluation of ground
calibrations has shown the control system to have high frictlon and
breakout forces and spprecisble lag of surface-~to-stick motion. These
characteristics are particularly objectionsble at low speeds where
large control deflections are requlred to maneuver snd also at high
speeds where the airplane 1s sensitive to sm=all control displacements.
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CORCLUSIONS

The results obtained from sldeslips, sileron rolls, and rudder
pulses performed at altitudes ranging from 18,000 to 30,000 feet at indi-
cated speeds from 160 to 420 mph during the flights of the NACA research
program of the XF-92A eirplane indicate the following conclusions:

l. The statlc lateral staebility characteristics as measured in
sideslips eppear satisfactory although there is a rapld incresse in
apparent dihedrel effect at the lower speeds. There is adequate rudder
power over the entire speed range tested.

2. The lateral control as measured in alleron rolls appeers ade-
quate over the entire speed range tested although there 1s a consldergble
reduction in alleron effectlveness at the lower speeds.

3. The dynamic lsteral stabllity of the alrplane was generally in
the unsatisfactory region when compared to U. S. Ailr Force requirements
Tor satisfactory values of reciprocal of cycles to damp to half amplitude
and ratio of roll angle to sideslip veloeity.

Lk, Although the alrplane sppeared to have satisfsetory static lat-
eral stability and control characteristics, the pllots objected to the
over-all lateral handling charascteristics primarily because of the high
roll-to-sideslip ratlos which probaebly resulted from the relatively low
static directional stebllity and relstlvely high effective dihedral.
These adverse chargcteristics were aggravated st low speeds by high
adverse yaw and rough air and at high speeds by high airplane response
to smell control deflections. The apparent high side force and poor
hydraulic control system added to the obJjectlional characteristics.

5. Installing wing fences on the alrplane limproved the handling
characteristice at the lower speeds, in the pilots' opinion, probably
because of the increase in static directional stabllity attributable to
the fences.

High~Speed Flight Station,
National Advisory Committee for Aeronautics,
Edwards, Calif., Janusry 10, 1355.
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TABLE I

PHYSICAL: CHARACTERISTICS OF THE XF-92A ATRPLANE

Wing:
Aree, sq £t . .

Span, ££ ¢ ¢ ¢ ¢ 4 ¢ « s s s e s e s e .
Arfoll section « « « ¢ ¢« o« s « ¢ o o & @

Wing-penel srea, ocutbosrd of root strain-g
station, sg £t . . . . .

Meen serodynamic chord, f£t . . . . . . .
Aspect retio . ¢ ¢ 4@ ¢ i f 4 4 e e s e .
Root chord, £ « v« &« ¢ ¢ ¢ ¢ o« o o o « »
TIPp chord o « o« ¢ = o o« o s o « 4 a o « @
Teper ratlo « « ¢ ¢ ¢ ¢ ¢ ¢ ¢ a4 ¢« & o &
Sweepback (leeding edge), deg « « « « . «
Incidence,deg.............
Dihedral (chord plene), deg + « « « « « «

Elevons:
Aree (total, both, eft of hinge line), sg
Spen (one elevon), £t « « « ¢ « « « « o
Chord (aft of hinge line, constent except
Movement, deg

Elevator:
Up o ¢ o ¢

Down & ¢ ¢ ¢ ¢ ¢ ¢ o ¢ ¢ o o s o = &
Afleron, total . & ¢ ¢ ¢ ¢ ¢ « o o o
Operation « ¢« « ¢« ¢ ¢ ¢ ¢ o ¢ « ¢« o o « =

Vertical teil:
Area, sg £t « ¢ « ¢« ¢ s 4 s 4 e e 0 e e
Helght, ebove fu.selage center line, £t .

Rudder:
Area, sq £t
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Empty weight, percent M.A.C. . . . o® * *
Moment of inertis in pitch, slug-ft . .

e & ¢ & e & ¥ & & =

e s o s « s o RACA55(O6)—0065

. La5
- 31.33

. 18.09
. 2.1
. 27.13
. 0
. 0
. 60
. 0
. )

. 15.35
. 11.50

. 15.53
. g.22
. 8.5
Hydraulic

. L2.80

with efterburner

. 5,600
. 7,500

. 15,560
. 11,808

. 2.5
29.2
. 35,000

15



16

TABLE II

INERTIA VAIUE FCOR XF-92A ATRPLANE

NACA RM H55A17

e - 1]
&, Iy,
deg slug-ft2 Txz/1x
o N Sy U,
2 38,600 -0.10
4 38,500 -<30
6 38,350 -.48
8 38,050 -.63
10 37,750 -.76
12 37,350 -.87
i 36,850 -.95
16 36,300 -1.01
18 35,700 -1.05
20 35,050 -1.08
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Figure l.- Three-view drawing of the XF-92A airplane.

Inches.

All dimensions in
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(c) Left side view.

Figure 2.- Photograsphs of XF-92A research

NACA RM HSB5ALT

L-81260

ailrplane.
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Figure 3.- Wing fence configuration.
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Right : Right
8 @@C% % g
6 6
4 4

2 2
Se-‘ 80, Sr't deg AY" g
o 0]
2 2
4 4
O Se
Down 0 3,
Left <3y Left
A Ay
6 6
12 8 4 0 4 8 12
Left Right

B, deg

(2) Vi = 145 mph; o = 17.29; Cny = 0.60; clean.

Figure 4.~ Variation of control positions and transverse acceleration
factor with angle of sideslip for the basic alrplane.
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(b) V4 = 205 mph; o = T7.9°; Cyp = 0-20; clean.

Figure k.- Continued.



22 G NACA RM H55A17

6 6
Up
Right Right
4 4
2 2
8080, deg o 0 Av:g
2 .2
4 4
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(¢} Vi = 205 mph; a = 5.6% Cyp = 0.20; clean.

Figure 4.- Continued.
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(@) Vi = 378 mph; « = 2.3°; Cy, = 0.09; clean.

Figure L.- Continued.
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\\& P, &>
2 == .2
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(e} Vi = 438 mph; o = 2.09; Cyp = 0.08; clean.

Figure 4.~ Continued.
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0
0
2
2
4
4
Down Left
Left .
s 12
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(f) V4 = 163 mph; o = 14.6%; Cyp = 0.49; gear down.

Figure L.~ Continued.
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Right o 5 - Right
- O C L
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4 / P Se S 4
Down o /’-1 o 3

Left S & Left
6 A Ay 6
12 8 4 O 4 8 i2
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B,deg

(g) Vi = 208 mph; o = T7.8%; CNp = 0.29; gear down.

Figure 4.~ Continued.
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Down 0 3q 3
Left <A> AS{{ N Left
6 kS
12 8 4 0 4 8 12
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() V4 = 249 mph; a = 6.99; Cy, = 0.21; gear down.

Figure L.- Concluded.
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NACA RM H55A1T

-.017]

-.013

CYB,per deg

-00%

dAy /dB,gAleg- 08

=04

O GClean

0 Geor down

“%%&N

100 o]

3

Vi ; mph

Figure 5.- Varistion of lasteral parameters for the basic airplane with
indicated speed as determined from sideslip maneuvers.



NACA RM E55A1T S———— 29
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Down 0 3g
Left o Left
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4 12
Berr © 4 ° & Right
B,deg

(a) Vi = 16k mph; o = 1h.k; Cyp = 0.49; clean.

Figure 6.- Veriation of comtrol positions and trensverse acceleration fac-
tor with angle of sideslip for the fence configuration.



30 W NACA RM HS5ALT
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(b) V4 = 20k mph; o = 9.99; Cnp = 0.32; cleen.

Figure 6.- Continued.
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(e) Vi =226 mph; o = 7.4% Cy, = 0.26; clean.

Figure 6.- Continued.
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4 \
N
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Sea Saash deg O
O
2 7
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Down
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6|2 8 4q 0 4 8 Iée
Left Right

B, deg
(@) Vi = 186 mph; o = 11.0%; CNp = 0.37; gear down.

Pigure 6.- Continued.
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(e) Vi = 205 mph; a = 10.4°%; Cy, = O.3L; gear down.

Tigure 6.~ Continued.
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N
e
N

3
8e185,5r,deg O x O Ay g

2 AN 2

Down o 3q

Left o 3§ Left
6 a Ay 6
12 8 4 a) 4 8 12
Left 8. deg Right

(f) Vi = 225 mph; a = 8.1°; Cy, = 0.27; gear down.

Figure 6.- Concluded.
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\\ O Fence configuration- Clean
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.4 .‘\g
qD 100 200 300 400 500 600

Vi, mph

Figure T.- Variation of latersl parameters for the fence configuration with
indicated speed as determlined from sideslip msneuvers.
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/ : 0 286 314
O 249 255
oo 5 s g20 280
¢ v
45/ > 182 20.0
<4 166 197
Left 12
i2 8 4 0 4 8 i2
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(a) Basic airplane; clean.

Figure 8.~ Variation of wing-tip helix angle with lateral control angle
for the basic alrplane.
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(b) Basic airplane; gear down.

Flgure 8.- Concluded.
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Flgure 9.- Variation of helix angle per degree lateral control angle with

indicated speed for the bagic elrplane clean and gear down.
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04 pr
_ _
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_ o4 = VR
mph ft
E/ O 229 2094103
o8 o 20820.5
: < 186 20,3
A 162 19.5
Left
12
12 8 4 o) 4 8 2
Left Right
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(a) Fence configuration; clean.

Figure 10.- Varlstion of wing~tip helix angle with lateral control angle
for the fence configuration.
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(b) Fence configuration; gear down.

Flgure 10.-~ Concluded.
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Figure 1l.- Variation of helix angle per degree lateral control angle with
indicated speed for the fence configuration clean and gear down.

500

LTIVCGH W VDOVN

TH




k2 = NACA RM H55ALT

up 8 hp = 33300 feet hp = 31200 feet
6 Vi = 319mph(M=0.82) Vi =288mph(M=071)
a = 3.1° a = 33°
de:deg 4
2
0
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Sr,deg o
2
- /
2
%a.deg | | \ /
Left [ N W -
6

0 Y
| // \\
. N N
p,radians/sec 2 <
Left O
4
0
B, deg 2 I~ ~. |
Left 4
2
. 0
r, radians/sec ol N | Lt | |+
Left 4
0 | 2 3 4 o ! 2 3 4
Time, t, sec Time,t, sec
(a) Basic airplene; clean. (b) Basic airplane; clean.

Figure 12.- Representative time hlstories of rudder-fixed allerorn rolls.
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(e¢) Basic airplane; clean. (&) Basic airplane; gear down.

Figure 12.- Continued.
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(e) Fence configurstion; clean. (f) Fence configuration; gear down.

Figure 12.- Concluded.
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(a) Basic airplane; clean.

Figure 13.- Variation of rolling effectiveness with indicated speed.
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(b) Basic eirplane; gear down; &g =~ 6°.

Flgure 13%.-~ Continued.
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Figure 135.-~ Continued.
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(3) Fence configuration; gear down; &g =~ 6°_.

Figure 13.- Concluded.
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Figure 14%.~ Variation of perlod end damping with indlcated speed.
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(b) Fence configuration,

Figure 1}%.- Concluded.
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Figure 15.~ Comparison of the dynamic latersl atability with the require~
ment of reference 8.
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Figure 16.- Time history of high-speed trim run.
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Figure 17.- Variation of lateral stabllity derivatives with indicated

speed from flight dats.
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Figure 18.- Variatlon of lateral stability derivetive reatios with 1lift
coefficient and Indicated speed.
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Figure 18.- Concluded.
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